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Trends in Microbiome Research
Microbiome – a collection or community of microorganisms in a 
defined environment

Growth trends of publications on the microbiota and 
cancer from 2001 to 2020, Zyoud et al. 2022, Journal of 
Translational Medicine

https://www.google.com/imgres?imgurl=https%3A%2F%2Fhips.hearstapps.com%2Fhmg-
prod.s3.amazonaws.com%2Fimages%2F981%2Farticles%2F2015%2F09%2Fsoil-in-hands-francesca-yorke-
1524578402.jpg%3Fcrop%3D1xw%3A0.884xh%3Bcenter%2Ctop%26resize%3D1200%3A*&imgrefurl=https%3A%2F%2Fwww.goo
dhousekeeping.com%2Fhome%2Fgardening%2Fa20705682%2Fsoil-
testing%2F&tbnid=x8GwsXj_5W3r4M&vet=12ahUKEwikz6C8jMv2AhVYEFkFHS0nCpsQMygBegUIARDZAQ..i&docid=bXC3qDbigV
5sZM&w=1100&h=550&q=soil&hl=en&ved=2ahUKEwikz6C8jMv2AhVYEFkFHS0nCpsQMygBegUIARDZAQ

https://www.google.com/imgres?imgurl=https%3A%2F%2Fassets.weforum.org%2Farticle%2Fimage%2FLrvg8rLmEzB5wf
aPlpI02EZbCLvslFwLENLoANfrsJw.jpg&imgrefurl=https%3A%2F%2Fwww.weforum.org%2Fagenda%2F2021%2F01%2Fif-
you-want-to-make-progress-on-all-the-major-global-challenges-start-with-
water%2F&tbnid=ef_tn_FJv6rbgM&vet=12ahUKEwiC0ezdjMv2AhW3D1kFHRrhDcQQMygKegUIARDnAQ..i&docid=5SWgA
4psHoHQyM&w=4288&h=2848&q=water&hl=en&ved=2ahUKEwiC0ezdjMv2AhW3D1kFHRrhDcQQMygKegUIARDnAQ

https://www.science.org/content/webinar/your-microbiota-and-you-exploring-
host-microbiome-relationship-health-and-disease



The role of the microbiome in cancer



The role of the microbiome in cancer



Basic steps in a microbiome analysis

>NR_024570.1 Escherichia coli strain U 
5/41 16S ribosomal RNA, partial 
sequence 
AGTTTGATCATGGCTCAGATTGAACGCT
GGCGGCAGGCCTAACACATGCAAGTCG
AACGGTAACAGGAAG 
CAGCTTGCTGCTTTGCTGACGAGTGGCG
GACGGGTGAGTAATGTCTGGGAAACTG
CCTGATGGAGGGGGA……

Sample Collection / 
Wet lab work

Sequencing

Raw Sequencing Data

Sequence 
Processing / Analysis

Statistical Results / 
Visualizations

16S rRNA = Bacteria / 
Archaea
18S rRNA = microbial 
eukaryotes
ITS = Fungi

Quality control

Clustering / 
Denoising

Normalization, 
Diversity 
Assessments

Differential 
Abundance Testing

Sample 
Classification: RF

Longitudinal 
Analysis



What is             
QIIME2?
A powerful, extensible, and 
decentralized microbiome 
analysis package with a focus on 
data and analysis transparency. 
QIIME 2 enables researchers to 
start an analysis with raw DNA 
sequence data and finish with 
publication-quality figures and 
statistical results. --- 2016-2021, 
QIIME 2 development team.



~32,558 citations of QIIME and 
QIIME2 – Google Scholar, 
March 2022



Why use Qiime2?

• Methods evolve with the field
• Plug-in architecture

• Interactive data exploration
• Easy to use and accessible 
• Open-source
• Extensive documentation
• Tutorials and workshops

• Widespread use
• Qiime2 forum
• Global network of collaborators

• Provenance tracking
• Facilitates reproducibility 

• Multiple user interfaces
• Galaxy
• Q2 Studio prototype
• Python API
• Command line
• R API (IN THE WORKS)



Plug-in Architecture

• Plugins are software packages that 
can be developed by anyone 

• All bioinformatic functionality in 
QIIME2 defined by plugins

• New plug-ins found in the QIIME2 
library



Interfaces
• Q2studio

• Graphical user interface

• Q2cli
• Command line interface
• The classic way to use qiime2

• Artifact API
• Python 3 application programming 

interface (API) for QIIME 2
• Use with Jupyter notebook
• Recommended for advanced users

• Now on Galaxy

• Potentially coming soon to R
• For now, qiime2R package

Qiime2 developers, 2021 workshop content

https://docs.qiime2.org/2022.2/interfaces/


Qiime2 
Documentation



Qiime2 Installation

q2cli installation 
on macOS, Linux, 

and Windows 
(WSL)

Qiime2 installed 
on Biowulf

Getting a Biowulf account:
https://hpc.nih.gov/docs/accounts.html

Qiime 2 Biowulf help page
https://hpc.nih.gov/apps/QIIME.html#:~:text=QIIME2%20on%20Biowulf&text=QIIME%202%20is%20a
%20powerful,quality%20figures%20and%20statistical%20results.

module load QIIME

https://hpc.nih.gov/docs/accounts.html
https://hpc.nih.gov/apps/QIIME.html


Tools for Reproducibility

Provenance TrackingQiime2view



Q2 workflows

https://docs.qiime2.org/2022.2/tutorials/over
view/#let-s-get-oriented-flowcharts



Core plug-in Overview
https://docs.qiime2.org/2022.2/plugins/available/

https://docs.qiime2.org/2022.2/plugins/available/


Available plugins and methods with q2 
installation 

• Focus on amplicon sequence processing and analysis
• Primary targets: 16S rRNA, 18S rRNA, ITS

• QC analysis, adapter / primer trimming via cutadapt
• OTU clustering, Sequence Denoising

• DADA2, Deblur, OTU clustering via vsearch (close reference and open reference)
• Taxonomic Classification
• Tree building

• MAFT and fasttree
• Raxml
• SEPP fragment insertion

• Data analysis
• RF classification, differential abundance testing, core features, alpha diversity, beta 

diversity, longitudinal methods.

https://docs.qiime2.org/2022.2/plugins/available/


Data import types

• First step = data import
• Can import at most stages in the analysis

• qiime tools import –h
• Raw data usually some type of fastq files

• EMPPairedEndSequences
• EMPSingleEndSequences
• SampleData[SequencesWithQuality]
• MultiplexedPairedEndBarcodeInSequence
• RawSequences

• See the import tutorial for help
• https://docs.qiime2.org/2022.2/tutorials/

importing/

qiime tools import --show-importable-types

https://docs.qiime2.org/2022.2/tutorials/importing/


Demultiplex methods 
& Quality Control

Demultiplex: Associating sequences 
with samples

• May be done by the sequencing core

• Methods available
• q2-demux

• Emp-paired
• Emp-single

• q2-cutadapt
• Demux-paired
• Demux-single

Quality Control

• Adapter, primer trimming
• Q2-cutadapt 

• Quality score filtering
• q2-quality-filter

• Removing human contamination
• Q2-exclude-seqs
• Q2-filter-reads

• Community evaluation (expected vs observed)
• Q2- quality-control



Feature Table generation

• OTU clustering
• vsearch

• Denoising
• Deblur
• DADA2

Outputs: Two key files
1. Feature table 
2. Representative Sequences

Other feature table methods: 
https://docs.qiime2.org/2022.2/plugins/available/feature-table/

https://docs.qiime2.org/2022.2/plugins/available/feature-table/


Taxonomic Classification & Phylogenetic Tree

Taxonomy
• classify-consensus-

blast
• BLAST+ consensus 

taxonomy classifier
• classify-consensus-

vsearch
• VSEARCH-based 

consensus taxonomy 
classifier

• classify-sklearn
• Pre-fitted sklearn-

based taxonomy 
classifier

Tree
• Fragment insertion –

SEPP
• qiime phylogeny

• align-to-tree-mafft-
fasttree

• align-to-tree-mafft-
iqtree

• align-to-tree-mafft-
raxml

NO CURRENT WAY TO VIEW TREES 
USING QIIME2 PLATFORM

https://docs.qiime2.org/2022.2/plugins/available/fragment-insertion/
https://docs.qiime2.org/2022.2/plugins/available/phylogeny/align-to-tree-mafft-fasttree/
https://docs.qiime2.org/2022.2/plugins/available/phylogeny/align-to-tree-mafft-iqtree/
https://docs.qiime2.org/2022.2/plugins/available/phylogeny/align-to-tree-mafft-raxml/


Community analysis (visualizations / statistics)

qiime diversity core-metrics-
phylogenetic
• Emperor plots
Alpha and beta group significance 
testing
• output

Differential abundance testing
• ANCOM
Longitudinal testing
• Distance based

https://view.qiime2.org/visualization/?type=html&src=https%3A%2F%2Fdocs.qiime2.org%2F2022.2%2Fdata%2Ftutorials%2Fpd-mice%2Fcore-metrics-results%2Funweighted_unifrac_emperor.qzv
https://view.qiime2.org/visualization/?type=html&src=https%3A%2F%2Fdocs.qiime2.org%2F2022.2%2Fdata%2Ftutorials%2Fpd-mice%2Fcore-metrics-results%2Ffaiths_pd_statistics.qzv
https://view.qiime2.org/visualization/?type=html&src=https%3A%2F%2Fdocs.qiime2.org%2F2022.2%2Fdata%2Ftutorials%2Fpd-mice%2Fancom_genotype.qzv
https://view.qiime2.org/visualization/?type=html&src=https%3A%2F%2Fdocs.qiime2.org%2F2022.2%2Fdata%2Ftutorials%2Fpd-mice%2Ffrom_first_unifrac_vol.qzv


Data Resources

• Taxonomy Classifiers
• Weighted Taxonomic Classifiers
• Q2 formatted reference marker gene databases
• SEPP reference databases

https://docs.qiime2.org/2022.2/data-resources/

https://docs.qiime2.org/2022.2/data-resources/


QIIME2 Plugin Library



Future Features

• Funding through NCI
• To increase the accessibility of the QIIME 2 platform and cancer microbiome 

data to the cancer research community
• Galaxy
• R API
• Cancer microbiome data resource via QIITA
• cancer-focused QIIME 2 user workshop series
• Collaboration with NCI Cloud Resources teams to integrate QIIME 2

• Work directly with data from GATK and TCGA

• Make QIIME 2 a microbiome mutli-omics bioinformatics platform
• Facilitate reproducible research

Informatics Technology for Cancer Research program
Project 1U24CA248454-01; 
https://reporter.nih.gov/project-details/9951750

https://itcr.cancer.gov/
https://reporter.nih.gov/project-details/9951750


Future –
omics tools

• Integrating multi-omics data
• Shotgun surveys of phage and other 

viruses
• Functional potential via shotgun 

metagenomics
• Functional activity

• Metatransciptome
• Metaproteome
• metabolome



Provenance Replay
- The ability to generate executable workflows from an existing artifact or visualization’s data 

provenance

Other features:

• ability to obtain provenance info in a publication ready format
• Automated workflow bug detection from data provenance

• Plugins to help users submit data to repositories

Qiime2 developers, 2021 workshop content



Qiime2 forum

A vast network of 
collaborators and 
users

Help in just a short 
period of time 



Current Learning Opportunities 
through Qiime2





QIIME2 Youtube Channel



New Cancer Microbiome Tutorial using 
Galaxy!



Going beyond qiime2

R packages

Phyloseq

microbiomeSeq

Vegan

Python Calour

Metagenomics / Metatranscriptomics

Read based

Functional

HUMAnN 3.0

MEGAN

Taxonomic MetaPhlAn2, 
Kraken2, Shogun

Assembly based MEGAHIT, metaSPAdes, metaGeneMark, 
Prokka, Salmon, Bowtie2

Multi omics Pathosystems Resource Integration Center (PATRIC)



Contact me at ncibtep@nih.gov
for help regarding this resource. 


